A series of experiments designed to examine the most effective way of presenting information in a list of search results, found that presenting the subject of the paper can be of benefit to the user. Several sources can be used to find the paper's subject, including citation elements found in a list of papers. The purpose of the study was to examine what constitutes the optimal elements in a list of citations for finding the paper's subject. The value of terms derived from the papers cited in the source article (title) and key works are ranked highest while journal name and author are less informative.
Introduction
A study that investigated the effectiveness of presenting information elements in a list of search results found that displaying the subject of the paper can offer users several benefits [1] . The main benefit enables the user to locate papers of specific interest to him/her based on the subject to which the paper relates, without having to read all the papers in the list. There are several ways of locating the subject of a paper in order to display it. It is common practice to manually classify the paper according to various categories. In scientific papers, the author of the paper specifies the keywords. The staff of scientific databases add a list of the terms relevant to the article (see for example, the Index Terms at the ACM digital library [2] ); and in computerized directories on the Internet, the directory staff add the category to which the paper belongs (see Yahoo! for example [3] ). While these manual approaches are relatively accurate, they require extensive use of human resources. There is a need for computerized classification that will enable cataloguing a vast quantity of papers from different sources. For more information about methods for automatically summarizing Internet web sites, see Small and Garfield [4] . A software tool (TextAnalysis) was developed for the study to automatically analyse the text of required papers on a statistical linguistics basis, and output all the significant words in the paper, which effectively constitute the subject of the paper. In another research exercise, 300 scientific articles were examined in four specific areas, and the software tool's identification rates was calculated by the degree of conformance to the keywords and title words of the article. The TextAnalysis tool can be used to identify the subject of a document in up to 91% of cases (according to expert opinion); using the tool's top five rated words. We used key words to identify the subject of a document. For more details about the research and the tool refer to Drori [5] .
This article describes the preliminary results of an experiment conducted to find the subject of a list of papers on the basis of the citation elements contained in it.
Displaying the subject of a paper based on citations
Citations in scientific papers are generally mutual. One paper cites other papers and might itself be cited in other papers. In a list of search results that includes scientific papers, citations in these papers can be manipulated to find the subject of the papers. Some research projects in the past have focused on this subject. Kwok reported an experiment on 'The use of titles and cited titles as document representation for automatic classification', and stated that use of 'cited title words offers a method intermediate between the use of citation identities alone and that of words from title and abstract, retaining some advantages of both' [6] . As part of an ongoing process of improving and upgrading ISI products, Sher reinvestigated the feasibility of enhancing title word indexing by using title information in cited references. As a result of these experiments, combined with his experience in using similar procedures for algorithmically naming research fronts identified by co-citation clustering [7] , in 1990 the system KeyWords Plus TM was developed. After each new source article is processed (each contains an average of 20 cited references), a computer program looks up the titles of all cited papers from the master source file containing the articles ISI [8] has processed within the last years. The title words and phrases are tallied and various algorithms are used to select and rank the better three-word, two-word and one-word candidate terms [9] . KeyWords Plus can give librarians and others needed natural language entries for unfamiliar subjects for which they could not easily identify a starting reference or author in order to enter the Citation Index. KeyWords Plus has proved extremely useful over the years, and significantly augments permuterm searching. KeyWords Plus and searchable abstracts have already been incorporated into Science Citation Index [10] . The experiment described here examined each of the elements contained in a standard citation, and the benefit that can be obtained from them in terms of the aim of the experimentwhich was to examine whether it is possible to find the subject of a paper based on its citation elements, or on the citation elements of other papers that cite it. For the experiment, a list of papers was chosen that contain a large number of citations, whose authors are cited many times in professional journals.
Cited papers
The standard list of sources (citations) in a scientific paper includes all the following elements: paper titles, authors' names, journals' names, and dates of publication. Sometimes the text of the cited articles can be obtained, provided there is access to electronic copies of them. To examine the effectiveness of using the above information elements, an investigation was undertaken, based on 20 articles from the ACM digital library. The investigation included an attempt to find the subject of a paper based on the journal name (both by analysing the words in the journal name, and by finding the subject field dealt with by the journal on the basis of the SCI [11] ). An attempt was also made to find the paper's subject based on the author's name (by searching for the author's home page and finding the author's areas of interest and list of publications). In addition, the text in the titles of the cited articles was also analysed, as was the full text of those articles. The paper's subject was investigated using the TextAnalysis software. The textual elements examined served as the input to the program, which processed the data and output the most significant words in the paper. The measure of success in locating the paper's subject was determined by comparing the significant words output by the TextAnalysis software with the Index Terms assigned to each paper in the ACM Digital Library. The percentage of hits between the words deemed significant by the software and the words found in the Index Terms defined the measure of success, according to the following formula:
it w=ta sw ¼ ph% where it w is the number of overlapping words found in both the Index Terms and in the TextAnalysis program, ta sw is the number of significant words found in TextAnalysis, and ph% is the percentage of hits (success rate). The findings of the investigation Finding a paper's subject based on cited and citing papers (see Fig. 1 ) were a success rate of 28% for journal name; 75% for paper name, and 69% for article keywords, and only 56% when all the words in the cited paper (Full Text) were used. An attempt to find the subject based on the author's name did not produce significant results (22%). The experiment also showed that analysing the titles of cited books produced inferior results to analysing the titles of cited articles (which have longer titles).
Citing papers
In addition to locating the paper's subject based on the papers that it cites within it, an attempt was also made to locate the articles that cite that paper, using the SCI database. This database, and others like it, enables the user to receive papers that cite a specified paper, provided that the specified paper is contained in one of a list of journals covered by the database. The information elements investigated were: titles of the citing papers, names of the citing authors, the text of the citing articles, their keywords, and the names of the journals in which the citing papers were found. The paper's subject was investigated using the TextAnalysis program, in exactly the same manner as in the case of the cited papers, and using the same formula ðit w=ta sw ¼ ph%Þ. The investigation (see Fig. 2 ) found the success rate for elements of the citing papers to be: keywords 68%; journal name 57%, paper title 53%, and use of all the words in the paper (Full Text) only 48%. The attempt to find the subject based on the author's name did not produce significant results (less than 24%).
Summary and future research
This study aims to automatically identify a list of subject terms to describe a paper, by processing titles of citing and cited papers. It compares the effectiveness of several approaches to see what factors are indicative. As can be seen from Figs 1 and 2, the highest locating rates were achieved with the titles of the cited papers (75%), followed by the keywords of the citing papers (68%). Considering the fact that the titles of the cited papers are to be found in the bibliography of the papers already retrieved (during the generation of the list of search results) as opposed to the keywords of the citing papers which necessitate a search for those papers in external databases, and considering the added advantage of a 75% success rate over a 68% success rate, it can be concluded that cited paper titles are the preferred information element for locating the paper subject. As stated in the introduction, these are preliminary results based on a limited number of papers. A follow-up study will include an attempt to find the paper's subject in a list based on a larger number of papers and on additional databases that cross-reference databases of papers.
